Over the past few decades, a growing body of epidemiological and clinical evidence has led to heightened concerns about the potential shortand long-term deleterious effects of the environment on cardiovascular health, including the risk for acute myocardial infarction (AMI). This review highlights the increased risk of AMI caused by exposure to air pollution and cold temperatures. These factors should be considered modifiable risk factors in the prevention of cardiovascular disease. The current body of knowledge about the biological mechanisms linking environmental changes to atherothrombotic events and the impact of climate change on cardiovascular health are discussed. Finally, recommendations for prevention and public policy are presented.
Introduction
Acute myocardial infarctions (AMIs) are the leading cause of mortality worldwide and are usually precipitated by coronary thrombosis, which is induced by a ruptured or eroded atherosclerotic plaque that leads to a sudden and critical reduction in blood flow. 1 -3 Although the exact trigger may not always be readily apparent, previous epidemiological studies have identified several factors associated with the onset of AMI, including heavy exercise or physical exertion, diet, sexual activity, cocaine or marijuana abuse, and emotional stress. 4 -7 Moreover, over the past few decades, a growing body of epidemiological and clinical evidence has led to heightened concerns about the potential short-and long-term deleterious effects of the environment on cardiovascular health. Historically, disastrous air pollution episodes, such as the 1930 Meuse Valley Fog and the 1952 Great Smog of London, first highlighted the relationship between ambient air pollution and premature mortality. 8, 9 Indeed, during a cold December week, temperature inversion and entrapment of air pollutants around the city of London caused 'smoke and fog', and .4000 premature deaths were reported. Most of these deaths were due to acute cardiorespiratory diseases. Subsequent studies in the 1990s further established a positive correlation between both short-and long-term exposure to air pollution and total and cardiovascular mortality, including coronary heart disease events. 10, 11 Contemporaneously, the first reports emerged showing increased risk for AMIs in patients exposed to extreme cold or heat. 12, 13 Subsequent studies pointed out that not only temperature extremes but also transitions/variability in temperature may be important factors. 14, 15 Although the risk of climate and environmental triggers to any single individual is relatively small compared with the effect of well-established risk factors (e.g. smoking), the public health relevance is considerable, as environmental factors impact hundreds of millions, if not billions, of people on a continuous and involuntary basis. 16 Moreover, it is increasingly clear that the consequences of anthropogenic activities, particularly atmospheric emissions, have both direct (i.e. the inhalation of air pollutants) and indirect (i.e. contributing to climate changes including global warming and extreme weather conditions) adverse impacts upon cardiovascular health. 17 In addition, the effects may be different for various subpopulations of individuals. In general, low levels of acute environmental exposure have relatively minor effects on healthy people but may be more apt to trigger events in certain vulnerable subpopulations (e.g. the elderly, diabetics, patients with established atherosclerotic cardiovascular disease). Improved knowledge about these factors will help healthcare providers and policymakers optimize prevention strategies for the populations at greatest risk. This review provides an updated overview of the potential harmful effects of air pollution and weather conditions and climate change on incident AMI and provides a current vision on the plausible biological mechanisms linking environmental changes to atherothrombotic events. Finally, recommendations for prevention and public policy are presented.
Air pollution Air pollutants
While humans have always been negatively impacted by air pollutants for millennia, the industrial revolution and urbanization of the 1800s amplified the problem manyfold. During the last two centuries, fossil fuels (e.g. coal, oil) have increasingly been used for power generation, residential heating, commercial activities, transportation (e.g. motorized traffic), and numerous industrial activities. As a result, major peaks in air pollution have been reported in urban regions or near roads [i.e. traffic-related air pollution (TRAP)]. 18 There is substantial spatial and temporal heterogeneity in the amount of air pollution in any given location based on the presence of local and regional sources and also the dispersion of pollutants, which depends upon numerous weather conditions (e.g. wind direction, temperature, and precipitation). Moreover, air pollution often exhibits a diurnal pattern; the highest values typically occur during daytime (e.g. photochemical reactions to produce ozone) and during rush-hour periods (e.g. TRAP).
Outdoor air pollution is a complex mixture of many components. From a health perspective, important components of this mixture include airborne particulate matter (PM) and the gaseous pollutants nitrogen dioxide (NO 2 ), carbon monoxide (CO), sulfur dioxide (SO 2 ), and ozone (O 3 ). Some pollutants are directly formed in the process of combustion (i.e. primary pollutants), whereas others are formed secondarily in the atmosphere through photochemical reactions between solar ultraviolet radiation and gaseous/volatile pollutants. Particulate matter concentration is expressed by the mass of particles smaller than 2.5 mm (PM 2, 5 ) and 10 mm (PM 10 ) in aerodynamic diameter (i.e. .50-100 mm can fit across the diameter of a strand of human hair). While these measures vary across the globe based on local sources, PM 2.5 generally represents 40 -70% of the total particulate mass . More recently, considerable research has been done on ultrafine particles (UFPs) ,0.1 mm. Although they contribute a negligible fraction of the mass of PM due to their minute size, they account for by far the greatest number of particles (.10 000 -100 000 particles/cm 3 ). This means that tens of billions of UFPs are inhaled per day in most environments. Ultrafine particles come from various sources, such as fresh TRAP and diesel exhaust. Increasing evidence indicates their high potential for toxicity and adverse impact on human health. 19 Additionally, second-hand and third-hand tobacco smoke represent specific forms of air pollution, as they expose non-smoking people to cigarette-related toxic pollutants in areas where smoking is still permitted. 20 Finally, it is critical to highlight that 3 billion people worldwide receive high exposure to indoor or household air pollution, typically from the burning of solid fuels (i.e. biomass, such as wood and crop residues) for daily cooking and heating. This occurs across the developing world (e.g. India, China, and Africa) and has been estimated to have an even greater health impact [third leading cause of disability-adjusted life years lost (DALYs)] than urban-industrial ambient PM 2.5 (ninth leading cause of global DALYs).
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Air pollution and short-term acute myocardial infarction risk
During the past two decades, the evidence linking air pollution to cardiovascular disease has grown substantially. The precise relationship between short-term air pollutant exposure and AMI risk was recently estimated by Mustafié et al. in a comprehensive meta-analysis that included 17 time-series studies and 17 casecrossover studies. 22 The overall relative risk was calculated for the main pollutants and expressed per standardized increase in pollutant concentration (D10 mg/m 3 for PM, NO 2 , SO 2, and O 3 ; and D1 mg/m 3 for CO; see Table 1 ). Most of the studies used single-day lag periods, either current day concentrations (lag 0 ) or concentrations of the day preceding the event (lag 1 ). All studied air pollutants, except for ozone, were associated with an increased risk in AMI with a relative risk ranging from 1.01 to 1.05 per standardized increase in pollutant concentration. The strongest effects were observed with CO and PM 2,5 (e.g. every 10 mg/m 3 PM 2,5 increase is associated with a 2.5% increase in risk of AMI). Traffic-related air pollution is a specific entity highly-relevant to modern societies and generally accounts for one of the greatest sources of exposure in urban settings. Peters et al. were among the first to demonstrate a particularly robust effect of recent exposure to traffic and an excess risk for AMI (relative risk of 2.9). 23 In particular, diesel-fuelled auto- health due to the chronic nature of exposure over a lifetime. The majority of epidemiological studies on PM air pollution demonstrate that the temporal nature of exposure is also critically important. Living for years in regions with higher PM 2.5 levels increases the risk for AMIs (and other cardiovascular events) by approximately 5-10-fold (i.e. hazard ratios of 1.10) compared with the effects of shortterm exposure. 25 -27 Biological mechanisms
The putative biological mechanisms that link air pollution to heart diseases have been reviewed in detail twice by the American Heart Association and more recently by the European Society of Cardiology. 28, 29 A general scheme illustrating potential mechanisms of air pollution affecting AMI risk is shown in Figure 1 . Three broad pathways, including systemic inflammatory responses, autonomic imbalance favouring sympathetic activation, and the possible direct actions of pollutants reaching the systemic circulation, are proposed to underlie cardiovascular events following exposure. 28 Inhalation of air pollutants induces pulmonary oxidative stress and inflammation. 30 Fine particles have the ability to reach the distal parts of the respiratory tract; due to their extremely large surface area, they carry into the alveolae a large amount of toxic compounds, such as organic chemicals and transitional metals, and increase oxidative stress and subsequent inflammatory responses. 31, 32 Direct effects, which occur within hours after exposure, may depend on agents that readily cross the pulmonary epithelium into the circulation. These agents may include gases, ultrafine PM, and soluble constituents of PM 2,5 (e.g. transition metals).
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Several controlled-exposure studies in animals and humans showed increased numbers of leucocytes, lymphocytes, mast cells, and inflammatory cytokines in the lungs and increased platelets and leucocytes in the systemic circulation after short exposure (hours). 35, 36 In addition, activation of pulmonary neural reflexes secondary to pollutant interactions with lung receptors may play a role. 37 Those local inflammatory responses may contribute to a systematic inflammatory state and heightened sympathetic response, which may accelerate atherosclerosis by destabilizing atherosclerotic plaques. In addition, air pollution has been shown to increase blood coagulation and platelet activation, which promote thrombosis. Both animal and human experiments have shown an increased thrombotic response after inhalation of diesel exhaust particles. 38, 39 Rapid platelet sensitization results from direct contact of platelets with ultrafine PM from diesel exhaust that translocate from lung airspaces into the circulation. In addition, platelets are also activated by mediators released into the circulation by PM-induced lung inflammation. Particulate matter exposure also increases fibrinogen, which is a major determinant of blood viscosity and can impair vascular fibrinolytic function. 40 These findings support the notion that air pollution can acutely increase the risk of thrombosis and promote acute ischaemic events. Concentrated pollutants have been shown to cause arterial vasoconstriction and small increases in arterial blood pressure through both endothelial-dependent and -independent effects. Particulate matter is considered to be the primary mediator of systemic vascular dysfunction; this is most likely due to reduced bioavailability of Climate and environmental triggers of AMI nitric oxide and increased oxidative stress. Additionally, acute exposure to PM was found to impair microvascular function in a recent study on retinal microvessels in healthy volunteers. 41 Sudden arterial vasoconstriction may induce acute coronary syndromes by triggering plaque instability or by decreasing myocardial perfusion in patients with existing atherosclerosis. Finally, evidence from animal and human studies indicate that air pollution is capable of short-term modifications in the autonomic balance; parasympathetic input may decrease, favouring not only vasoconstriction but also tachyarrhythmia. 42 The underlying mechanism responsible for these effects remains unclear but may involve activation of pulmonary neural reflex arcs, direct effects of pollutants on cardiac ion channels, or consequences of the heightened systemic inflammatory state.
Weather conditions: temperature
Meteorological conditions may influence the concentration of pollutants, but weather conditions themselves may also trigger acute coronary events. Among different conditions such as humidity, barometric pressure, and wind speed, temperature changes have been found to be mostly related to incident AMI. Not only temperature extremes (both extreme cold and heat) but also transitions/ variability in temperature may trigger AMIs. Worldwide, the majority of the temperature-related mortality has been shown to be attributable much more to cold, when compared with extreme hot weather. 43 Table 2 summarizes the major epidemiological studies on the relationship between temperature and incident AMI. 14, 15, 44, 45 The average daily temperature in the studied countries ranged from 1.5 to 238C. Although these studies reported different hazard risk periods (1-5 days) before incident AMI, the incident risk ratio was fairly consistent: for each 108C decrease in temperature, there was a 9% increase in the risk of AMI. In two of these studies, the relationship was also corrected for air pollution, other meteorological conditions, and influenza epidemics. Interestingly, the German and Belgian studies found more pronounced effects of temperature decreases in the summer rather than winter. 44, 45 Indeed, although the highest incidence of STEMI was reported in winter, the incremental effect of temperature decreases vanished with colder temperatures. The observation that air temperature plays a role in warmer seasons indicates that changes in temperature, particularly outdoor vs. indoor, are more important than the absolute air temperature. This explanation is further supported by the study of Barnett et al. that showed that populations in the coldest regions (Northern Sweden, North Karelia, and Kuopio) showed little temperature-induced change in coronary events, likely because people living in cold climates took more precautionary measures to protect themselves from the cold. 15 Potential mechanisms for the cold-induced increased risk for incident coronary events are depicted in Figure 2 . The stimulation of cold receptors in the skin leads to a rise in catecholamine levels and subsequent vasoconstriction and increased heart rate and blood pressure, which may precipitate myocardial ischaemia and coronary plaque instability. 46 -49 Moreover, a drop in temperature results in an increase in diuresis, decrease in plasma volume and haemoconcentration, and increase in blood viscosity. 50 This mechanism is most likely responsible for the observed increase in plasma concentrations of clotting factors and platelet counts, which may promote thrombosis. Finally, inhalation of cold air may elicit pulmonary neurogenic (e.g. orthosympatic) reflexes, which may enhance vulnerability to atherothrombosis and arrhythmia. Beyond direct effects, acute coronary events might also be instigated as a consequence of an exacerbation of pre-existing pulmonary conditions due to cold exposure.
Climate change
The combustion of fossil fuels generates not only toxic pollutants but also greenhouse gases, such as carbon dioxide and ozone. Greenhouse gases absorb and emit radiation within the thermal infra-red range and may lead to global warming and climate change (greenhouse effect). Climate change is predicted not only to increase the average temperature of the planet by between 1.7 and 4.98C by 2100, but also to change the frequency of extreme weather events. 17 The overall impact of climate change on cardiovascular disease and particularly incident AMI is still unclear and will be the net result of several, sometimes divergent, effects and developments. 51, 52 Due to a decrease in cold days, there may be a drop in cold-related AMI, but this effect may be mitigated because AMI risk is mainly related to short-term major temperature changes (.108C), whereas global warming is characterized by a small, longterm temperature increase. On the other hand, due to an increase in extremely hot days, an increase in AMI may be expected. Recent observations, however, suggest a decline in heat-attributable morbidity and mortality due to better protection against heat waves (i.e. air conditioning). 53 Beyond temperature changes, climate changes are associated with more abrupt catastrophic events, such a floods, volcanic eruptions, earthquakes, blizzards, hurricanes, or tornadoes. These frightening and life-threatening events may cause acute cardiovascular events through increased emotional and physical stress. 54 In addition, chronic exposure to environmental risk factors, through sustained changes in the environment, may also predispose to the genesis of cardiovascular disease, particularly via potentiation of risk factors such as diabetes and hypertension. 55 The impact of climate change on health will depend also on demographics; some population subgroups, such as elderly and impoverished people may be more vulnerable to the adverse impacts of a changing climate because they have a limited ability to acclimatize to thermal extremes and to undertake appropriate behavioural changes when exposed to thermal extremes and extreme weather events. Finally, human measures to limit greenhouse gases will have a positive effect on air pollution and global warming and will attenuate the negative public health effects of climate change.
Public health relevance and measures
The public health relevance of a trigger is depended not only on the individual relative risk but also on the prevalence of this risk factor within the population. This concept is captured by the population attributable fraction (PAF). Some risk factors, such as cocaine use, have a high individual AMI risk, but as only a minority of the population are drug abuses, the overall population risk is small (PAF ¼ 0.9%). In contrast, environmental triggers expose the entire population and will have a considerable public health impact despite a small individual relative risk. 16 Similarly, a relationship between outdoor temperature, physical exertion, and air pollution was suggested by the study of von Klot et al., which showed that outdoors exercisers had a higher AMI risk compared with indoors exercisers. 56 In addition, the combination of two triggers, such as low air temperature and air pollution, might have an additive detrimental effect, as was observed during the Great Smog of London. This may be at least partly, because the increased use of domestic heating (fossil fuels) on cold days increases air pollution.
Public health assessments require a definition of vulnerable subpopulations. There was no significant difference in relative risk ratios between subpopulations in epidemiological studies on air pollution and temperature changes. Although the relative risk remains the same for different subpopulations, the absolute risk is definitely higher for patients with or at risk for cardiovascular disease. This suggests that effective primary and secondary prevention measures will decrease the number of AMI cases related to air pollution and/ or cold exposure.
Reduction of environmental triggers and their adverse cardiovascular effects will require both personal actions and public policy measures. 57 Possible individual measures include adequate protection against temperature changes (i.e. clothes), avoidance of temperature stress (i.e. domestic heating/air conditioning), and restriction of outdoor physical exercise in polluted areas, particularly for people with or at risk for cardiovascular disease. 58 A concerted effort should be made to educate healthcare providers and at-risk patients about the potential health hazards of environmental factors such as air pollution and temperature changes. Weather and air quality forecasts, including real-time reports of particle matter pollution, should be easily available in local/national media (newspaper, television, Internet) and should be based upon validated air quality monitoring systems. On the population level, there is increasing evidence that limiting air pollution prevents cardiovascular events. In Beijing, during the Olympic games, the reduction of air pollution due to air quality control measures led to a decreased risk of cardiovascular disease mortality. 59, 60 Additionally, implementation of legal smoking bans in public places decreased the rate of AMI hospitalization by an average of 17%. 60 More studies are needed to better estimate the population-wide health benefits of reducing air pollution, but for the time being, policy measures should try to comply with air quality standards from WHO or national legislations. In Table 3 , air quality thresholds, expressed as annual average pollutant concentrations, are depicted according to the EU, US Environmental Protection Agency National Ambient Air Quality Standards (EPA NAAQS), and WHO AirQuality Standards (AQS).
Currently, up to a third of Europeans living in urban areas are exposed to air pollutant levels exceeding EU air quality standards, but this proportion increases to 90% if more stringent WHO criteria are applied. In addition, there is growing evidence that adverse health effects are observed even below the most stringent WHO criteria. In light of the growing evidence, efforts to reduce exposure to air pollution (e.g. transition from fossil-fuel-based energy sources towards green and renewable energy sources) should be intensified and supported by appropriate and effective legislation.
Conclusion
Climate and particularly exposure to air pollution and to cold have been convincingly associated with an increased risk of incident AMI, and they should be considered modifiable risk factors in the prevention of cardiovascular disease. However, additional research is needed to improve our understanding of how weather and climate can influence human health, both directly and indirectly. 
